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Cultivation of human meniscus cells on porous bovine collagen 
type I scaffolds
O. Kessler1, A. Thomsen2, C. Falco2, S. Thoma2;
1M, Switzerland, 2R&D, Cellgenix, Freiburg, Germany
Purpose: In vitro cultivation of human meniscal cells on 
biocompatible scaffolds might be a potential procedure for tissue 
engineering of menisci after meniscectomy. To date cultivation 
under GMP conditions including the use of serum free media has not 
been reported in the literature. 
Methods and Materials: Biopsies were harvested from the meniscus 
of 8 patients. Cells were cultivated under standard conditions with 
the use of serum free media. After 3rd passage density increased 
between 1.2x107 to 4.4x108 cells. The expanded meniscus cells were 
then seeded at two different densities (2x104 or 1x106 meniscus 
cells/cm29 onto the surface of porous bovine collagen scaffolds with 
different pore sizes (100, 250 µm) and cultured for 6, 10 and 14 days. 
All procedures were done under GMP conditions. Cells were directly 
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CDE25 and AS02 or indirectly stained with unconjugated monoclonal 
BOUJCPEJFTTQFDJ¾DGPSBHHSFDBOBOEDPMMBHFOUZQF**'"$4XBTVTFE
to evaluate the antigenic phenotype of meniscus cells. 
Results: The antigen-expression of meniscus cells in monolayer-
culture was negative for CD25, CD29, CD31, CD34 and positive for 
CD44, CD95 und AS02. Expression of aggrecan and collagen-type II 
XBTPOMZQPTJUJWFJOEJNBMHJOBUFCFBEDVMUVSF*NNVOP¿VPSFTDFODF
microscopy of scaffolds seeded with 1.08 x 106 / cm2 meniscal cells 
revealed a high rate of vital meniscal cells within the scaffolds. 
Conclusions: We conclude that the use of serum free media 
under GMP conditions is a feasible method for tissue engineering 
applications o the human meniscus. 
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Purpose: In vitro and in vivo studies were employed to investigate 
application of collagen membrane ChondroGide, (CGide) for 
¾CSPDBSUJMBHF UJTTVFHVJEFE SFHFOFSBUJPO JO UIF USFBUNFOU PG
avascular meniscal defects in combination with synovial membrane 
¾CSPCMBTUT 	DFMMCBTFE BQQSPBDI
 PS TZOPWJBM NFNCSBOF 	UJTTVF
based approach). 
Methods and Materials: In vitro: Cells were cultured in monolayer, 
on CGide and in pellets in DMEM/F12 with 10% FCS or in chondrogenic 
serum-free media ± TGFb1. Neochondrogenesis was assessed 
via proteoglycan and collagen deposition (Alcian blue, Safranin 
O, Masson Trichrome staining) and via gene expression analysis 
(real-time RT-PCR for Collagens type I, II, Aggrecan and Versican). 
4VQFSOBUBOUT XFSF UFTUFE GPS UIF QSFTFODF PG QSPJO¿BNNBUPSZ
cytokines. In vivo: 4mm incisions were created in 4x8mm porcine 
menisci chips from the avascular zone. The implants comprised 
incision alone, incision with synovial membrane, incision with 
CGide or more stable, crosslinked VN membrane, incision with 
synovial membrane and CGide or VN membrane. Implants were 
placed subcutaneously inside four pouches in NMRI-nude mice 
(Ethical permission Kanton Bern, Switzerland). The explantation was 
performed after 8 weeks. Healing process was graded visually on 
sections stained with H&E and Masson Trichrome. 
Results: 4ZOPWJBM NFNCSBOF ¾CSPCMBTUT JO DPNCJOBUJPO XJUI
$(JEF QSPEVDFE OFP¾CSPDBSUJMBHFOPVT UJTTVF VQPO DIPOESPHFOJD
stimulation with TGFȕ1 in vitro, and TGFȕ1-induced down-regulation 
PG QSPJO¿BNNBUPSZ DZUPLJOFT 4VCDVUBOFPVT JNQMBOUBUJPO EBUB
indicated that VN membrane combined with synovial membrane 
facilitated repair of meniscal incisions in 57% of cases. 
Conclusions: These data open the avenue to test VN membrane as 
an ACI-like approach for the treatment of avascular meniscal tears in 
pre-clinical large animal model. 
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Polymer-based tissue engineering of intervertebral disc nucleus 
pulposus tissue
M. Endres1, A. Enz2, K. Neumann2, M. Sittinger3, A.A. Hegewald4,
C. Kaps5;
1TransTissueTechnologies GmbH, Berlin, Germany, 2R&D,
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Berlin, Germany
Purpose: The objective of this study was to evaluate resorbable 
poly-glycolic acid (PGA) scaffolds for three-dimensional cell-based 
and cell-free intervertebral disc tissue engineering grafts. Therefore, 
nucleus pulposus tissue formation by human nucleus pulposus cells 
embedded in PGA scaffolds was analyzed in this in vitro compatibility 
study. 
Methods and Materials: Human nucleus pulposus (NP) cells were 
harvested and expanded in vitro using human serum. NP cells were 
SFBSSBOHFEUISFFEJNFOTJPOBMMZJO¾CSJOIZBMVSPOBOBOESFTPSCBCMF
PGA scaffolds cultured for 2 weeks in the presence of hyaluronan. 
In addition, differentiation assays using NP cells were performed 
in the presence of TGFB3 or ascorbic acid in high-density cultures. 
Formation of NP tissue was documented by histological staining 
of the extracellular matrix and gene expression analysis of typical 
marker genes. 
Results: 5IF VTF PG IVNBO TFSVN BOE '(' FOTVSFT FG¾DJFOU
isolation and expansion of human NP cells. Three-dimensional tissue 
culture of culture expanded NP cells in PGA scaffolds in the presence 
of hyaluronan leads to the re-expression of the NP phenotype. 
NP differentiation in vitro is accompanied by the formation of NP 
tissue rich in proteoglycans and chondroitin-4/6-sulphate as well 
as by the induction of typical NP marker genes like collagens and 
BHHSFDBO1SPQJEJVNJPEJEF¿VPSFTDFJOEJBDFUBUF	1*'%"
TUBJOJOH
documented that three-dimensional assembly of NP cells in PGA 
scaffolds allows prolonged culture and high viability of NP cells. 
Conclusions: Here we report that PGA scaffolds are well suited for 
the regeneration of intervertebral disc nucleus pulposus tissue 
using cell-free and cell-based polymer-based tissue engineering 
approaches. 
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Purpose: Due to the limited vascularity of the native meniscus, 
the only viable treatment for meniscal tears is often partial or total 
meniscectomy. In an effort to provide alternative treatment options, 
a tissue engineered meniscus for use as a meniscal substitute has 
been successfully developed in vitro. 
Methods and Materials: .FOJTDBM¾CSPDIPOESPDZUFTXFSFJTPMBUFE
from freshly slaughtered 1-3 day old calves. Cells were resuspended 
in a solution of 2% low viscosity G-content alginate with a cell density 
of 50 x 106 cells/ml, and crosslinked with CaSO~4~ (0.003 g/ml of 
alginate) to initiate gel formation. After 2 weeks in culture, constructs 
were placed in the Flexcell FX-4000C Bioreactor (Hillsborough, NC), 
and subjected to 28.25 kPa of cyclically loading at a frequency of 
0.1 Hz for 16 hours/day for a total of 7 days. Samples were then 
subjected to biomechanical testing and histological analysis. 
Results: Histological analysis of samples from both groups 
EFNPOTUSBUFETJHOJ¾DBOUDFMMVMBSJUZXJUIFWJEFODFPGBDUJWFNJUPTJT
and extraceullar matrix formation. The aggregate modulus for the 
loaded specimens was 5.47 kPa (±0.2) vs 3.545 kPa (±0.318) for the 
unloaded constructs. The loaded constructs demonstrated a 65% 
increase in the aggregate modulus after only one week of loading 
(p < 0.05). 
Conclusions: 5IJTJTUIF¾STUTUVEZFWBMVBUJOHUIFFGGFDUPGMPBEPO
B TDBGGPME TFFEFE XJUI NFOJTDBM ¾CSPDIPOESPDZUFT %FTQJUF UIF
dramatic increase in aggregate modulus of almost 65% after only 1 
week of loading, the mechanical properties of our tissue engineered 
DPOTUSVDU SFNBJOFE TJHOJ¾DBOUMZ MPXFS UIBO UIBU PG UIF OBUJWF
meniscus (~100 kPa). 
